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AMENDMENTS TO THE DRAWINGS: 

Eighteen replacement sheets of drawings containing FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12A-12D, 13A, 13B, and 14 are attached to this paper and include changes that are discussed 
below in the remarks. 

The twelve replacement sheets containing FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12A-12D, 
13A, 13B, and 14 replace the twelve original sheets of drawings containing FIGS. 1, 2, 3, 4, 5, 6, 
7,8,9,10,11,1 2A-1 2D, 1 3A, 1 3B, and 14 included in the application papers filed on February 
28, 2005. 
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REMARKS 

In accordance with the foregoing, the abstract, the specification, FIGS. 3, 4, 6, 7, 9, 10, 
12A-12D, 13A, and 13B, and claims 1-14 have been amended, and new claims 15-17 have 
been added. Claims 1-17 are pending, with claims 1 and 9 being independent. No new matter 
is presented in this Amendment. 

Substitute Specification 

Pursuant to 37 CFR 1.125(b) and MPEP 608.01 (q), the original specification has been 
replaced by the attached substitute specification to correct errors in the original specification and 
improve its form. 

Pursuant to 37 CFR 1.125(c) and MPEP 608.01 (q), the substitute specification is in clean 
form without markings and is accompanied by a marked-up copy of the substitute specification 
showing all of the changes relative to the original specification, with added text being shown by 
underlining and deleted text being shown by strik e through . 

Pursuant to 37 CFR 1 .125(b) and MPEP 608.01 (q), the substitute specification includes 
no new matter. 

It is respectfully requested that the substitute specification be entered, and that the 
Examiner confirm that this has been done in the next Office Action. 

Drawing Amendments 

FIGS. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12A-12D, 13A, 13B, and 14 have been amended to 
change the figure legends from the form " FIGURE n " to the form TIG. n" and to move the figure 
legends from below the figure to above the figure. 

FIG. 3 has been amended to change reference numeral 17 to ECG RA, and to add 
reference numeral 100. 

FIG. 4 has been amended to delete the line between blocks 16 and 17, to change the 
label "ECG MONITOR" on block 17 to "ECG ELECTRODES," to change reference numeral 17 
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to ECG LL, ECG RA, to change reference numeral 61 to 62, and to change reference numeral 
62 to 61. 

FIG. 6 has been amended to change reference numeral R16 to R51 to avoid conflict with 
reference numeral R16 in FIG. 7 

FIG. 7 has been amended to change reference label ECGLL at the input to resistor R16 
to ECG LL, to change reference label ECGLL at the input to resistor R27 to ECG RA, and to add 
reference numeral 30. 

FIG. 9 has been amended to change the label "OPERATING" on block S17 to 
"COMPARING AND DETERMINING," and to change the label "OUTPUTTING OPERATION 
RESULT" on block S18 to "DISPLAYING" 

FIG 10 has been amended to change the word "OPERATING" in the label on blocks 
S24, S26, S27, S28, and S29 to "DETERMINING," and to change the word "OOPERATING" in 
the label on block S25 to "DETERMINING" 

FIG. 12A has been amended to change the label "Delta t" at the top of the graph to "AT," 
to change the label "Time(sec)" on the vertical axis to "AT (sec)," and to change the label "Blood 
pressure(mmHG)" on the horizontal axis to "Systolic Blood Pressure (mm Hg)." 

FIG. 12B has been amended to change the label "Blood pressure(mmHG)" on the 
horizontal axis to "Systolic Blood Pressure (mm Hg)." 

FIG. 12C has been amended to change the label "Blood pressure(mmHG)" on the 
horizontal axis to "Systolic Blood Pressure (mm Hg)." 

FIG. 12D has been amended to change the label "Voltage(V)" on the vertical axis to 
"Max (V)," and to change the label "Blood pressure(mmHG)" on the horizontal axis to "Systolic 
Blood Pressure (mm Hg)." 

FIG 1 3A has been amended to change the label "Delta T" at the top of the graph to "AT," 
to change the label "delta T(sec)" on the vertical axis to "AT (sec)," and to change the label 
"blood pressure(mmHG)" on the horizontal axis to "Diastolic Blood Pressure (mm Hg)." 

FIG 13B has been amended to change the label "Blood pressure(mmHG)" on the 
horizontal axis to "Diastolic Blood Pressure (mm Hg)." 
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The change of the label on the horizontal axis in FIGS. 12A-12D to read "Systolic Blood 
Pressure (mm Hg) is supported at least by page 8, lines 16-17, of the specification as originally 
filed. 

The change of the label on the horizontal axis in FIGS. 13A and 13B to read "Diastolic 
Blood Pressure" is supported at least by page 8, lines 18-19, of the specification as originally 
filed. 

Drawing Objections 

The drawings were objected to as failing to comply with 37 CFR 1 .84(p)(4) "because 
reference character '22' has been used to designate both a low pass filter (p. 13, line 12 of the 
specification) and an amplifier (p. 12, lines 16-17 of the specification)." 

There is only one element in the drawings that is designated by reference number 22 
(see FIG. 7), and accordingly it is submitted that the drawings do in fact comply with 37 CFR 
1 .84(p)(4). However, that one element 22 has three different names in the specification as 
originally filed, i.e., "pulse wave signal amplifying means 22" (page 12, lines 16-17), "first 
low-pass filter 22" (page 13, line 12, and page 14, line 5), and "pulse wave amplifying means 22" 
(page 23, lines 3-4), which apparently misled the Examiner into thinking that reference numeral 
22 was being used to designate two different elements in the drawings. As can be seen from 
page 13, lines 11-19, of the specification as originally filed, element 22 in FIG. 7 filters and 
amplifies the output signal of first impedance matching means 21 in FIG. 7. Accordingly, the 
specification has been amended to use only the name "first low-pass filter 22" for element 22 in 
FIG. 7. 

For at least the foregoing reasons, it is respectfully requested that the objection to the 
drawings as failing to comply with 37 CFR 1 .84(p)(4) be withdrawn . 

Claim Objections 

Claims 1 , 4, 7, and 9 were objected to because of the informalities identified by the 
Examiner on pages 2-3 of the Office Action of August 1, 2006. Accordingly, claims 1, 4, 7, and 9 
have been amended to eliminate the informalities identified by the Examiner. 
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For at least the foregoing reasons, it is respectfully requested that the objection to claims 
1,4,7, and 9 be withdrawn . 

Allowable Subject Matter 

The applicant acknowledges the Examiner's indication that claims 4, 7, and 8 are 
objected to as being dependent upon a rejected base claim, but would be allowable if rewritten 
in independent form including all of the limitations of the base claim and any intervening claims. 

Claim Rejections Under 35 USC 112 
Rejection 1 

Claims 9-14 were rejected under 35 USC 112, first paragraph, as failing to comply with 
the enablement requirement because the Examiner is of the opinion that the application fails to 
set forth clearly how the "converting AC signals of the pulse wave and the electrocardiogram into 
DC signals after the amplifying and filtering steps" recited in independent claim 9 as originally 
filed occurs. The Examiner states that "[i]t appears that the applicant may have instead intended 
to claim 'converting analog signals of the pulse wave and the electrocardiogram into digital 
signals after the amplifying and filtering steps.'" 

The applicant did in fact intend to claim converting analog signals into digital signals as 
suspected by the Examiner, and accordingly claim 9 has been amended to recite "converting the 
processed analog pulse wave signal and the processed analog electrocardiogram signal into a 
digital pulse wave signal and a digital electrocardiogram signal," and corresponding changes 
have been made to the specification, the abstract, and claim 1 . 

For at least the foregoing reasons, it is respectfully requested that the rejection of claims 
9-14 under 35 USC 112, first paragraph, be withdrawn . 
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Rejection 2 

Claims 1-8 were rejected under 35 USC 112, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which the applicant regards 
as the invention. 

With respect to the feature "an electrocardiogram monitor for measuring a systolic blood 
pressure and a diastolic blood pressure and converting the measured results into electric 
signals" recited in independent claim 1 as originally filed, the Examiner states that "it appears 
from the applicant's specification that the electrocardiogram monitor obtains electrical signals 
representative of the subject's ECG, rather than measuring a systolic blood pressure and a 
diastolic blood pressure, as claimed." The Examiner's understanding is correct. Although 
element 17 in FIG. 3 is identified as "an ECG monitor" in the specification as originally filed, it is 
readily apparent from FIGS. 1 and 3 that element 17 is in fact an ECG electrode fixed to a right 
arm of a subject, and is the second ECG electrode ECGLL shown in FIG. 7 as originally filed (the 
ECG electrode that is connected to the resistor R27) which should have been labeled ECGRA 
as can be seen from page 9, lines 19-20; page 14, lines 18-19; and page 22, lines 20-21, of the 
specification as originally filed. 

The first ECG electrode ECGLL shown in FIG. 7 as originally filed (the ECG electrode 
that is connected to resistor R16) and the second ECG electrode ECGRA are connected to the 
connection ports 13 of the automatic blood pressure instrument 100 shown in FIG. 1 as would be 
understood by one of ordinary skill in the art from the following passage that appears on page 9, 
lines 17-20, of the specification as originally filed: 

Subsequently, the ECG monitor 17 is connected to the ECG 
connection ports 13. Then, a first electrode (ECG LL, FIG. 7) is 
fixed to a left foot of the subject, while a second electrode 
(ECG RA, FIG. 7) is attached to a right foot of the subject. 

and from the following passage that appears on page 22, lines 18-21, of the specification as 
originally filed: 

The ECG monitor 17 is connected to the ECG connection ports 13 
provided on one side of the automatic blood pressure measuring 
instrument 100. The first electrode ECG LL of the ECG monitor 17 
is fixed to the left ankle of the subject, while the second electrode 
ECG RA is fixed to the right arm. 
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Accordingly, claim 1 has been amended to recite "electrocardiogram electrodes for 
detecting an electrocardiogram signal of the subject," and corresponding changes have been 
made the specification, abstract, claim 9, and the drawings, it being noted that the term "ECG 
monitor 17" has been changed to "second ECG electrode ECGRA." 

With respect to the feature "an A/D converting section for converting the AC signals, 
which are applied from both the pulse wave signal processing section and the electrocardiogram 
signal processing section, into DC signals" recited in claim 1 as originally filed, the Examiner 
states that "[a]n 'A/D' converter refers to a device that converts analog signals into digital signals, 
not one that converts alternating current (AC) into direct current (DC)," and that "[i]t is unclear 
form [sic] the claim language whether the applicant intended to claim an A/D converter or an AC 
to DC adapter." The applicants did in fact intend to claim an A/D converting section that converts 
analog signals to digital signals, and accordingly claim 1 has been amended to recite "an A/D 
converting section for converting the processed analog pulse wave signal and the processed 
analog electrocardiogram signal into a digital pulse wave signal and a digital electrocardiogram 
signal," and corresponding changes have been made to the specification, the abstract, and 
claim 9. 

For at least the foregoing reasons, it is respectfully requested that the rejection of claims 
1-8 under 35 USC 112, second paragraph, be withdrawn . 

Claim Rejections Under 35 USC 103 
Rejection 1 

Claims 1, 2, and 5 were rejected under 35 USC 103(a) as being unpatentable over 
Yanagi et al. (Yanagi) (U.S. Patent No. 5,873,834) in view of Baba et al. (Baba) (U.S. Patent No. 
5,735,799), although only claim 1 is listed in the statement of this rejection on page 6 of the 
Office Action of August 1 , 2006. This rejection is respectfully traversed insofar as it may be 
deemed to be applicable to claims 1 , 2, and 5 in their present form. 

It is submitted that Yanagi and Baba do not disclose or suggest "a controlling section for 
comparing and analyzing the digital pulse wave signal and the digital electrocardiogram signal to 
determine parameters comprising a transition time parameter, an integral parameter, an area 
parameter, and a maximum amplitude parameter , and determining the blood pressure of the 



20 



Serial No. 10/525,771 

subject based on the transition time parameter, the integral parameter, the area parameter, and 
the maximum amplitude parameter " as now recited in independent claim 1 . It is noted that these 
features are similar to features that were recited in claim 10 as originally filed which was not 
rejected over the prior art, but was only rejected under 35 USC 112, first paragraph. It is 
presumed that this indicates that the Examiner considers claim 10 as originally filed to be 
patentable over Yanagi and Baba. 

In contrast, FIGS. 4-7 of Yanagi disclose relationships between systolic and diastolic 
blood pressures and a pulse wave transit time (PTT) (see FIG. 10 of Yanagi), a cardiac pulse 
rate (HR), and a second-derivative pulse wave height (Hv or b/a) (see FIG. 10 of Yanagi). FIG. 
8 of Yanagi discloses a method determining a blood pressure of a subject based on the pulse 
wave transit time (PTT). FIG. 16 of Yanagi discloses a method of determining a blood pressure 
of a subject based on the pulse wave transit time (PTT) and the second-derivative pulse wave 
height (Hv or b/a). Column 6, lines 1 8-22, of Yanagi discloses that other types of physiological 
data "such as heart rate, baseline oscillation period, rise time of pulsewave, or primary derivative 
pulsewave of the photoelectric waveform" can be used in determining a blood pressure of a 
subject. 

For at least the foregoing reasons, it is respectfully requested that the rejection of claims 
1, 2, and 5 (i.e., claim 1 and claims 2 and 5 depending therefrom) under 35 USC 103(a) as 
being unpatentable over Yanagi in view of Baba be withdrawn . 

Rejection 2 

Claim 3 was rejected under 35 USC 103(a) as being unpatentable over Yanagi in view of 
Baba as applied to claims 1, 2, and 5, and further in view of Stephens (U.S. Patent No. 
4,442,845) and Royal et al. (Royal) (U.S. Patent 3,903,873). This rejection is respectfully 
traversed. 

Notwithstanding the position taken by the Examiner, it is submitted that claim 3 which 
depends from claim 1 is patentable over Yanagi, Baba, Stephens, and Royal for at least the 
same reasons discussed above that claim 1 is patentable over Yanagi and Baba. Accordingly, it 
is respectfully requested that the rejection of claim 3 under 35 USC 103(a) as being 
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unpatentable over Yanagi in view of Baba as applied to claims 1 , 2, and 5, and further in view of 
Stephens and Royal be withdrawn . 

Rejection 3 

Claim 6 was rejected under 35 USC 103(a) as being unpatentable over Yanagi in view of 
Baba as applied to claims 1, 2, and 5, and further in view of Silvian (U.S. Patent No. 4,742,831). 
This rejection is respectfully traversed. 

Notwithstanding the position taken by the Examiner, it is submitted that claim 6 which 
depends indirectly from claim 1 is patentable over Yanagi, Baba, and Silvian for at least the 
same reasons discussed above that claim 1 is patentable over Yanagi and Baba. Accordingly, it 
is respectfully requested that the rejection of claim 6 under 35 USC 103(a) as being 
unpatentable over Yanagi in view of Baba as applied to claims 1, 2, and 5, and further in view of 
Silvian be withdrawn . 

Allowability of Claims 9-14 

Claims 9-14 were not rejected over the prior art, but were only rejected under 35 USC 
112, first paragraph. This rejection is considered to have been overcome as discussed above. 

Since the Examiner did not reject any of claims 9-14 over Yanagi, Baba, Stephens, 
Royal, and Silvian relied on by the Examiner in the rejections of claims 1-3, 5, and 6 under 35 
USC 103(a), it is presumed that this indicates that the Examiner considers claims 9-14 to be 
patentable over these references. In any event, it is submitted that Yanagi, Baba, Stephens, 
Royal, and Silvian do not disclose or suggest "comparing and analyzing the digital pulse wave 
signal and the digital electrocardiogram signal to determine parameters comprising a transition 
time parameter an integral parameter, an area parameter, and a maximum amplitude 
parameter " and "determining the blood pressure of the subject based on the transition time 
parameter, the integral parameter, the area parameter, and the maximum amplitude parameter " 
as now recited in independent claim 9. It is noted that these features are similar to features that 
were recited in claim 10 as originally filed which was not rejected over the prior art, but was only 
rejected under 35 USC 112, first paragraph. It is presumed that this indicates that the Examiner 
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considers claim 10 as originally filed to be patentable over Yanagi, Baba, Stephens, Royal, and 
Silvian. 

For at least the foregoing reasons, it is submitted that claims 9-14 (i.e. claim 9 and claims 
10-14 depending therefrom) are patentable over Yanagi, Baba, Stephens, Royal, and Silvian, 
and an indication to that effect is respectfully requested. 

Allowability of New Claims 15-17 

It is submitted that Yanagi, Baba, Stephens, Royal, and Silvian do not disclose or 
suggest the features "wherein the controlling section determines a systolic blood pressure of the 
subject based on the transition time par a meter, the integral parameter, the area parameter, and 
the maximum amplitude parameter " and "wherein the controlling section determines a diastolic 
blood pressure of the subject based on the tran s ition t ime para meter and the area parameter but 
not the integral parameter or the maximum amp litude parameter" recited in new dependent 
claim 15. 

It is submitted that Yanagi, Baba, Stephens, Royal, and Silvian do not disclose or 
suggest the feature "wherein the controlling section determines the systolic blood pressure of 
the subject using the following systolic blood pressure determination algorithm: 

P = 919.121Ar + 17.157Max-98.26lnt + 161.736AT 

where Ar is the area parameter, Max is the maximum amplitude parameter, Int is the integral 
parameter, and AT is the transition time parameter" recited in new dependent claim 16. 

It is submitted that Yanagi, Baba, Stephens, Royal, and Silvian do not disclose or 
suggest the feature "wherein the controlling section determines the diastolic blood pressure of 
the subject using the following diastolic blood pressure determination algorithm: 

P = 146.161 -78.903 AT -442.904 Ar 
where AT is the transition time parameter and Ar is the area parameter" recited in new 
depending claim 16 

It is submitted that Yanagi, Baba, Stephens, Royal, and Silvian do not disclose or 
suggest the feature "wherein the determining of the systolic blood pressure of the subject 
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comprises determining the systolic blood pressure of the subject using the following systolic 
blood pressure determination algorithm: 

P = 919.121 Ar + 17.157-Max - 98.26-lnt + 161.736AT 

where Ar is the area parameter, Max is the maximum amplitude parameter, Int is the integral 
parameter, and AT is the transition time parameter" recited in new dependent claim 17. 

It is submitted that Yanagi, Baba, Stephens, Royal, and Silvian do not disclose or 
suggest the feature "wherein the determining of the diastolic blood pressure of the subject 
comprises determining the diastolic blood pressure of the subject using the following diastolic 
blood pressure determination algorithm: 

P = 146.161 - 78.903AT - 442.904-Ar 

where AT is the transition time parameter and Ar is the area parameter" now recited in new 
dependent claim 17. 

For at least the foregoing reasons, it is submitted that new claims 15-17 are patentable 
over Yanagi, Baba, Stephens, Royal, and Silvian, and an indication to that effect is respectfully 
requested. 

Conclusion 

There being no further outstanding objections or rejections, it is submitted that the 
application is in condition for allowance. An early action to that effect is courteously solicited. 

Finally, if there are any formal matters remaining after this response, the Examiner is 
requested to telephone the undersigned to attend to these matters. 
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If there are any additional fees associated with the filing of this paper, please charge the 
same to our Deposit Account No. 503333. 

Respectfully submitted, 



Date: 




Registration No. 56,273 

1400 Eye St., NW 
Suite 300 

Washington, D.C. 20005 
Telephone: (202)216-9505 
Facsimile: (202)216-9510 

Attachments 
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Substitute Specification (With Markings) 001 1 .1002 

TITLE OF THE INVENTION 
AUTOMATIC BLOOD PRESSURE MEASURING INSTRUMENT AND METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is the U.S. National Stage of International Application No. 
PCT/KR2003/001772 filed on August 30, 2003, and claims the benefit of Korean Application No. 
2002-52213 filed on August 31, 2002, in the Korean Intellectual Property Office. 

BACKGROUND OF THE INVENTION 

T e chn i ca l 1. Field of the Invention 

[0002] Th e pr e sent A n aspect of invention relates to a blood pressure measuring instrument, 
and more particularly^ to an automatic blood pressure measuring instrument and method 
designed to obtain a pulse wave signal and an electrocardiogram (ECG) signals- signal from a 
pressure sensor and afhECG mon i tor electrodes , to analyze a_correlation between both signals, 
to op e rat e determine a maximum blood pressure and a minimum blood pressure based on the 
analyzed data, and to output the op e rat e d d etermined result to a display. 

Background 2. Description of the Related A rt 

[0003] As the number of the home health aged has been increased due to the general aging 
of society, a gradually increasing attention has been drawn to welfare and care for the aged. 
Thus, the approach of an elderly health care has begun to occur in a new scheme at various 
angles, and a concentrated attention has been paid to a blood pressure measurement 
functioning as the basis of health check-up. 

[0004] Measurement of a blood pressure, as one of current generalized clinical tests, is 
carried out while a doctor performs an examination or a particular surgical operation. Further, 
values of blood pressure, which are measured in respective ventricle and atrium of the heart or 
in a peripheral vascular system, function as a basis of health check-up helpful to enable the 
doctor to understand an integrated function between vascular and cardiac systems. 
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[0005] A blood pressure refers to one generated when blood flowing a blood vessel acts on a 
wall of the blood vessel, and is determined by a quantity of the blood and a resistance of the 
blood vessel, such as elasticity, expansion, contraction and so on. Measurement of the blood 
pressure allows for estimation of a function of the heart or the blood vessel. To be more specific, 
while the heart is contracted, the blood is driven to circulate around the whole body. The 
pressure of the driven blood, or the maximum blood pressure, represents a contractile force of 
the heart. The minimum blood pressure when the heart is expanded can be considered as an 
index indicating how smoothly the blood circulates through the blood vessel. 

[0006] The human blood vessel consists of an artery through which blood exits from the 
heart toward the whole body, a vein through which blood enters from the whole body toward the 
heart, and a capillary vessel interconnecting between the artery and the vein. In general, a 
pressure in the artery, i.e., an arterial blood pressure^ is called a "blood pressure." This blood 
pressure is very different according to size and position of the blood vessel, and is sequentially 
lowered in the order of an aorta, an artery, an arteriole, a capillary vessel, a veinlet, a vein and a 
hollow. For this reason, the blood pressure is named for the name of the blood vessel, for 
example, as an aortic blood pressure, an arterial blood pressure, an arteriole blood pressure 
and so forth. The arterial blood pressure maintained by heartbeats is one of fundamental, usual 
clinical symptoms estimating a function between the vascular and cardiac systems, and a factor 
taking part in perfusion of the entire tissues, or particularly having an important influence on a 
cerebral blood flow and a coronary blood flow. 

[0007] As existing blood pressure measuring methods, there are an invasive one and 
non-invasive one. The invasive method inserts a catheter directly into an artery to measure the 
blood pressure. However, it requires much trouble and heavy cost in measuring the blood 
pressure, and has various disadvantages, such as circulatory problem of the blood, infection, 
blood clot and so on, in the course of inserting the catheter into the artery. For these reasons, 
the invasive method has been used in an extremely limited range. By contrast, the non-invasive 
method mainly makes use of a cuff. However, the non-invasive method is not only very 
inaccurate, but also is responsible for a tissular trauma. Further, it is impossible to apply to 
infants or low blood pressure patients, and above all to perform continuous monitoring. 
Additionally, an electronic hemadynamometer, which has been frequently used at the present 
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time, shows a tendency of its accuracy to be significantly lowered when the blood pressure is 
less than 70 mmHg. 

[0008] To measure the blood pressure, there have been many attempts to make use of a 
pulse wave velocity. Further, there has been devised a blood pressure estimating method using 
the pulse wave velocity or a pulse arrival time by many persons. However, in the case of using 
only the pulse wave velocity or the pulse arrival time, it is impossible to ensure accomplishment 
of reliable blood pressure monitoring 

D i sc l osur e of Inv e nt i on 
SUMMARY OF THE INVENTION 

[0009] I t i s, th e r e for e , an ob je ct An aspect of the pr e s e nt invention is_to provide an automatic 
blood pressure measuring instrument and method T capable of measuring a blood pressure even 
though infants, low blood pressure patients, intensive care patients, etc. A can not cannot be 
measured by an existing blood pressure measuring instrument, and capable of expanding an 
application range as a vascular automatic diagnosis device using a pulse wave signal , including 
simptv- a simple blood pressure measurement. 

[0010] Furth e r, i t i s anoth e r ob je ct Another aspect of the pr e s e nt invention is_to provide an 
automatic blood pressure measuring instrument and method T capable not only of continuously 
measuring systolic and diastolic blood pressures for a short and long time, but also of 
monitoring for a long time by a non-invasive method. 

[001 1] In ord e r to accomp li sh th e s e ob je cts, th e r e i s prov i d e d accordance with an aspect of 
the invention, an automatic blood pressure measuring instrument for measuring and displaying 
a blood pressure of a subject T compris i ng: in a non-invasive manner includes a pressure sensor 
for obtaining a pulse wave signal from a wrist of the subject; a pulse wave signal processing 
section for amplifying, filtering and fteise- noise- removing the pulse wave signal applied from the 
pressure sensor; an-electrocardiogram monitor electrodes for m e asur i ng a systo li c b l ood 
pr e ssur e and a d i asto li c blood pr e ssur e and conv e rt i ng th e m e asur e d r e sults i nto ele ctr i c al 
sigftats detecting an electrocardiogram signal of the subject ; an electrocardiogram signal 
processing section for amplifying, filtering and noise- noise- removing the conv e rt e d 
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electrocardiogram m e asurem e nt signa l s app lie d from signal detected by the electrocardiogram 
monito r electrodes ; an A/D converting section for converting the AG- analog signals, which are 
applied from both the pulse wave signal processing section and the electrocardiogram signal 
processing section, into Q€ -digital signals; a controlling section for comparing and analyzing the 
pulse wave signal and the electrocardiogram sigf^ats-signaLapplied through the A/D converting 
section to op e rat e determine the blood pressure of the subject; and a display for displaying the 
blood pressure of the subject op e rat e d at determined by the controlling section. 

[0012] Furth e r, i t i s pr e ferr e d that th e The automatic blood pressure measuring instrument 
may f urther compr i s e s include a program storing section for storing an operation program of the 
controlling section, and a data storing section for storing the pulse wave signal and the 
electrocardiogram s i gna l s signal applied from the A/D converting section for a predetermined 
time and storing op e rat i on data op e r a t e d a t determined by the controlling section. 

[0013] H e re, th e The pulse wave signal processing section compr i s e s may include a first 
impedance matching means for matching impedances of the inputted pulse wave signal and 
output signal, a pu l s e wav e s i gnal amp li fy i ng m e ans first low-pass filter for filtering and 
amplifying the signals signal outputted from the first impedance matching means, and a first 
notch filter for removing a noise of a commercial power freguency from the s i gna l s signal 
amplified at the pu lse w a v e s igna l amp li fy i ng m e ans first low-pass filter . 

[0014] Mor e ov e r, th e The first notch filter compr i s e s may include an operational ( OP) 
amplifier for amplifying the sigftais- signal amplified at the pu l s e wav e signal amp l ify i ng means 
first low-pass filter and inputted tp_a non-inverting terminal thereof, a low-pass filter prov i d e 
provided on a loop fed from an output terminal of the OP amplifier back to an inverting terminal 
and for removing the noise of the commercial power freguency, a first variable resistor 
connected in parallel with the non-inverting terminal of the OP amplifier, and a second variable 
resistor connected in parallel with the low-pass filter, whereby the first notch filter adjusts the 
cut-off frequency of the applied signals. 

[0015] Furth e r, th e The electrocardiogram signal processing section compr i s e s may include 
an amplifying section for amplifying the electrocardiogram signa l s g e n e rat e d from signal 
detected bv t he electrocardiogram mon i tor electrodes , and a filtering section for filtering and 
noise- noise- removing the signa l s signal amplified at the amplifying section. 
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[0016] M e anwh i l e , th e The filtering section compris e s may include a fourth low-pass filter for 
removing a noise from the amplified siwate- signal applied from the amplifying section, a third 
impedance matching means for matching an impedance of the input signal applied from the 
fourth low-pass filter and an impedance of an output signal, and a second notch filter for 
removing the noise of the commercial power frequency ef- from the siaftats- signal applied from 
the third impedance matching means. 

[0017] The amplifying section compris e s may include a first differential amplifier including a 
first gain adjusting means for adjusting a gain of the electrocardiogram siwate- signal measured 
from one side of a body of the subject, a second low-pass filter for removing a low band noise 
from the ad j ust i ng s i gnals signal applied from the first gain adjusting means, and a first 
electrocardiogram signal amplifying means frem-for amplifying the siafiats- signal filtered at the 
second low-pass filter; a second differential amplifier including a second gain adjusting means 
for adjusting a gain of the electrocardiogram sigftate- signal measured from the other side of a 
body of the subject, a third low-pass filter for removing a low band noise from the adjusting 
signals -sjflQa! applied from the second gain adjusting means, and a second electrocardiogram 
signal amplifying means frem-for amplifying the signals- signal f iltered at the third low-pass filter; 
and a second impedance matching means for matching an impedance with the filtering section 
when the a mpl i fy i ng amplified signals of the first and second differential amplifiers are applied. 

[0018] Mor e pr e f e rably, th e The first and second differential amplifiers may further compr i s es 
include an inverse current preventing means connected to an-input t e rm i na l terminals to which 
the measur o m e nt si gn a ls ar e electrocardiogram signal is applied from the electrocardiogram 
electrode s of th e e l e ctrocard i ogram monitor . 

[0019] In ord e r to accomp li sh th ese obj e cts, th e r e i s prov i d e d accordance with another 
aspect of the invention, an automatic blood pressure measuring method for measuring and 
displaying a blood pressure from a wr i st of a subject in a non-invasive m e thod us i ng the 
for e going construct i on, comprising th e st e ps of: manner includes obtaining, amplifying^ and 
filtering a- an analog pulse wave signal from tbe-awrist of the subject; m e asur i ng a systol i c 
blood pressur e and a d i asto li c b l ood pr e ssur e , and conv e rt i ng th e m e asur e d r e sults into 
ele ctr i cal signals, and o btaining, amplifying, and filtering th e conv e rt e d r e su l ts an analog 
electrocardiogram signal of the subject ; converting AG -analog signals of the pulse wave signal 
and the electrocardiogram signal into PG -digjtaj signals after the amplifying and filtering-steps 
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operations ; comparing the pulse wave signal and the electrocardiogram si gna l s signal 
converted aWnthe converting step -operation to op e rat e determine t he blood pressure of the 
subject; and displaying the blood pressure op e rat e d determined in the operat i ng st e p comparing 
operation . 

[0020] H e r e , th e The comparing and op e rating st e p compris i ng th e subst e ps of: i nputting th e 
pu l se wav e and ele ctrocard i ogram s i gna l s; operation includes comparing the pulse wave signal 
and the electrocardiogram s e ns i ng s i gna l s i nputt e d at th e m e asuring s t e p and op e rating signal 
to determine a transition time parameter, an integral parameter, an area parameter, and a 
maximum amplitude parameter; and comb i n i ng constants r e pr e s e nting a chang e quantity of th e 
blood pr e ssur e accord i ng to th e transition t i m e param e t e r, th e i nt e gral param e t e r, th e ar e a 
paramet e r and th e max i mum amp l itud e param e t e r op e rated at th e compar i ng and op e rat i ng 
substep and accord i ng to chang e s of th e param e t e rs, and op e rating th e comb i n e d r e su l ts, and 
op e rat i ng determining a maximum blood pressure and a minimum blood pressure of the subject 
based on the transition time parameter, the integral parameter, the area parameter, and the 
maximum amplitude parameter . 

[0021] Furth e r, the The transition time parameter is a time interval between ^maximum 
amp li tud e s amplitude of a waveform of the pulse wave signal and waveforms a maximum 
amplitude of the electrocardiogram-si§f^_signal. The integral parameter is an integral value of 
a data value of the pulse wave signal between end points of a selected range- zone of the pulse 
wave signal . The area parameter is an integral value of an rang e a difference between a data 
value of the pulse wave signal between end points of a selected zone of the pulse wave signal 
and a value of a base line j oining bas e li n e s on both s i d e s points where a waveform of the pulse 
wave signal intersects the end points of the selected fame- zone of the pulse wave signal . The 
maximum amplitude parameter is a maximum amplitude of a waveform of the pulse wave signal 
within a d e s i gnat e d selected zone of the i nt e gral and ar e a paramet e rs digital pulse wave signal . 

[0022] In other words, an aspect of the p re s e nt invention is character i z e d i n that enables 
anyone who is not a medical expert eaf^to_measure the blood pressure with ease by sensing 
tbe-a_pulse wave at- signal with a pressure sensor, sensing and comparing and an al yz i ng 
systo li c and d i asto li c pr e ssur e s, m e asuring an electrocardiogram signal with electrocardiogram 
electrodes, determining maximum and minimum blood pressures through a s e r ie s of op e rat i on 
proc e ss e s based on parameters determined by comparing the pulse wave signal and the 
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electrocardiogram signal , and displaying the m e asur e d r e su l ts determined maximum and 
minimum blood pressures on the-a_display. 

[0023] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

Brief D e scr i pt i on of Draw i ngs 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Th e abov e obj e cts, f e atur e s and These and/or other aspects and advantages of the 
pfesent-invention will become mor e apparent and more readily appreciated from the following 
d e ta ile d description whefh of various embodiments, taken in conjunction with the accompanying 
drawings T ifhotwhich: 

F i gur e 1 i s a block d i agram ill ustrat i ng a t ele phon e information off e r i ng syst e m on th e 
i nt e rn e t according to an e mbod i m e nt of th e pr e s e nt i nv e nt i on. 

FIG. 1 is a perspective view s howing of_an automatic blood pressure measuring 
instrument according to a pr e f e rr e d e mbod i m e nt an aspect of the pr e s e nt invention attached to 
an arm of a subject ; 

FIG. 2 is a bottom view of the automatic blood pressure measuring instrument shown 

in_FIG. 1; 

FIG. 3 is a side view of the automatic blood pressure measuring instrument shown in 
FIG. 1 attached to the arm of the subject ; 

FIG. 4 is a block diagram show i ng an of the automatic blood pressure measuring 
instrument of th e pr e s e nt i nv e ntion shown in FIG. 1 ; 

FIG. 5 is a circuit diagram showing of,a controlling section shown in FIG. 4 ; 

FIG. 6 is a circuit diagram show i ng g f_a pulse wave signal processing section shown 

in FIG. 4 ; 

FIG. 7 is a circuit diagram show i ng otan amplifying section of an ECG signal 
processing section shown in FIG. 4 ; 

FIG. 8 is a circuit diagram showing ota filtering section of afhthe ECG signal 
processing section shown in FIG. 4 ; 
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FIG. 9 is a flow chart s howing of^an automatic blood pressure measuring method 
according to an aspect of t he pr e s e nt invention; 

FIG. 10 is a flow chart show i ng of a comparing and op e rat i ng st e ps determining block 
shown in FIG. 9 : 

FIG. 1 1 is a graph of a pulse wave signal and an ECG signal showing e ach param e ter 
parameters that are determined in FIG. 10 ; 

F I G. 12 i s a graph FIGS. 12A though 12D are graphs showing corr e lation b e tw ee n 
e ach param e t e r changes in the parameters shown in FIG. 11 according to a change of th e in a 
systolic blood pressure; 

FIG. 13 i s a graph FIGS. 13A and 13B are graphs showing corr e lat i on b e tw ee n e ach 
p a ram e t e r changes in two of the parameters shown in FIG. 1 1 according to a change of th e in a 
diastolic blood pressure; and 

FIG. 14 is a graph tab l ing accumulat i v e of a cumulative distribution of e xp e ctat i on and 
obs e rvat i on expected values versus a cumulative distribution of observed values for a blood 
pressure determination algorithm using the parameters shown in FIG. 11 . 

B e st Mod e for Carry i ng Out th e I nv e nt i on 
DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0025] A pr e f e rr e d e mbod i m e nt Reference will now be made in detail to various 
embodiments of the pr e s e nt invention w ill now b e d e scr i b e d w i th r e f e r e nc e to examples of 
which are shown in the accompanying drawings , wherein like reference numerals refer to like 
elements throughout . The embodiments are described below in order to explain the invention 
by referring to the figures. 

[0026] FIG. 1 is a perspective view showing of_an automatic blood pressure measuring 
instrument according to a pr e f e rr e d e mbod i m e nt an aspect of the pr e s e nt invention attached to 
an arm of a subject . FIG. 2 is a bottom view of the automatic blood pressure measuring 
instrument shown in FIG. 1 . FIG. 3 is a side view of the automatic blood pressure measuring 
instrument shown in FIG. 1 attached to the arm of the subject . 

[0027] A reference numeral 100 indicates an automatic blood pressure measuring instrument, 
11 indicates a display, 12 indicates manipulating keys, 13 indicates electrocardiogram (ECG) 
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electrode connection ports, 14 indicates a band, 15 indicates a buckle, 16 indicates a pressure 
sensor, and 47- ECG RA indicates an-a second ECG monitor electrode (also shown in FIG. 7) 
fixed to a right arm of a subject . 

[0028] The display 1 1 is for displaying a measured blood pressure. The manipulating keys 
12 are for inputting a manipulation signal of a user. The ECG connection ports 13 are for 
connecting with- a first ECG electrode ECG LL (shown in FIG. 7) and t he second ECG mon i tor 
47 electrode ECG RA to the automatic blood pressure measuring instrument 100 . The first 
ECG electrode ECG LL is fixed to a left leg of the subject. T he first ECG electrode ECG LL and 
the second ECG mon i tor 17 m e asur e s a systol i c b l ood pr e ssur e and a diastol i c blood pr e ssure 
electrode ECG RA detect an ECG signal of the subject . The band 14 supports the automatic 
blood pressure measuring instrument 100. The buckle 15 fixedly positions the automatic blood 
pressure measuring instrument 100 on a wrist of a-the subject. The pressure sensor 16 senses 
aj>ulse waves- wave of the subject and outputs a pulse wave signal . 

[0029] In order to measure a blood pressure of the subject, first, the pressure sensor 16 is 
positioned around over an artery of the subject. Then, the band 14 is wound around a wrist of 
the subject, and then the buckle 15 is fastened. Subsequently, the first ECG electrode ECG LL 
and the second ECG mon i tor 17 i s electrode ECG RA are connected to the ECG connection 
ports 13. Then, a-the first ECG electrode (ECG LL, F I G. 7) ECG LL is fixed to a-the left feet-leg 
of the subject, while a-the second ECG electrode (ECG RA, F I G. 7) ECG RA is attach e d fixed to 
a-the right fee^ arm of the subject. 

[0030] Therefore, the automatic blood pressure measuring instrument 100 obtains a pulse 
wave signal of the subject using the pressure sensor 16 x . Th e and obtains an ECG signal of the 
subject using the first ECG electrode ECG LL and the second ECG mon i tor 17 measur e s 
systol i c and d i asto li c blood pressur e s of th e sub je ct electrode ECG RA . Thus, a controlling 
section 70 compares and op e rat e s analyzes both signals to cfeptav Ktetermine the maximum 
and minimum blood pressures and display them on the display 11. 

[0031] FIG. 4 is a block diagram show i ng an of the automatic blood pressure measuring 
instrument of- 100 according to an aspect of the pr e s e nt invention shown in FIG. 1 . 

[0032] Of the reference numerals, 1 1 is for a display, 16 is for a pressure sensor, 47-is 
ECG LL and ECG RA are for an-ECG-mefHtef electrodes , 20 is for a pulse wave signal 
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processing section, 30 is for an amplifying section, 40 is for a filtering section, 50 is for an ECG 
signal processing section, 61 is for a program storing section, 62 is for a data storing section, 63 
is for an A/D converting section, 70 is for a controlling section, 80 is for an inputting section, 90 
is for an interface, and 200 is for a computer. 

[0033] The pulse wave signal processing section 20 amplifies and filters a pulse wave signal 
applied from the pressure sensor 16. The amplifying section 30 amplifies a-an ECG signal 
app l i e d from detected by the ECG mon i tor 17 electrodes ECG LL and ECG RA . The filtering 
section 40 filters an applied low band signal. The program storing section 61 is stor e d w i th 
stores a drive program together with set data. The data storing section 62 i s stor e d w i th a 
m e asur e d stores the pulse wave signal and the ECG signal together with op e rat e d determined 
data. The A/D converting section converts an AC- analog signal into a DC -digital signal. The 
controlling section op e rat e s determines the maximum blood pressure and the minimum blood 
pressure. The inputting section 80 is inputted by a manipulation signal of a user. The interface 
90 is connected with an external instrument. 

[0034] The pressure sensor 16 fixed to the wrist of the subject generates a pulse wave 
caused by a pressure of blood flowing through the artery. That is, the pressure sensor 16 fixed 
over the b l ood v e ss el artery is subjected to impetus which the blood lends to the b l ood v e ss e l 
artery , so that the pressure sensor 16 generates the pulse wave. The pulse wave applied from 
the pressure sensor 16 is inputted into the pulse wave signal processing section 20, and is 
amplified there. As a result, the pulse wave is subjected to filtering of a low band signal and 
removal of a noise. Then, the signal from which the noise is removed is applied to the A/D 
converting section 63, and is subjected to conversion from an AG- analog signal to a DC-digital 
signal, and then is applied to the controlling section 70. 

[0035] Further, the ECG mon i tor 17 m e asur e s a systol i c b l ood pr e ssur e as we l l as a d i asto li c 
b l ood pressur e to g e n e rat e electrodes ECG LL and ECG RA detect an ECG-si^ats signal . The 
gen e rat e d detected ECG s i gna l s ar e signal is applied to and amplified by the ECG signal 
processing section 50, and afe- is then applied to the A/D converting section 63. The A/D 
converting section 63 converts the applied AC -analog s i gna l s ECG signal into DC si gna l s a 
digital ECG signal to apply to the controlling section 70. 
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[0036] FIG. 5 is a circuit diagram of the controlling section 70 shown in FIG. 4. Here, the 
controlling section 70 is capable of performing arithmetical operation of data of 8 bits as shown 
in FIG. 5. To this end, an 8051 microprocessor having a 16-bit data address is preferably used. 
The controlling section 70 has four input/output ports, so that it is capable of directly receiving 
and outputting data of the data storing section 62 and the AID converting section 63 relative to 
the outside. Further, the controlling section 70 has a built-in serial port, so that it is capable of 
directly receiving and outputting data from/to the computer 200 through the interface 90 using 
the serial port. The controlling section is capable of not only storing a program to the program 
storing section 61, but also performing various records related to bit operation, controlling, etc. A 
using an SFR (special function register). 

[0037] Here, it is preferred that the data storing section 62 makes use of an SRAM in order to 
avoid a work such as a refresh. The data storing section 62 stores data obtained by the A/D 
converting section 63 for a predetermined time under the control of the controlling section 70, 
and performs comparison and analysis of the pulse wave signal and the ECG signa l s, wh i ch ar e 
appl ie d signal based on the drive program stored at-injhe program storing section 61. Then, 
the data storing section 62 op e rat e s a transit i on t i m e param e t e r (or AT param e t e r) c, 
determines an integral parameter a, an area parameter b , an transition time parameter c and 
t^e-a.maximum amplitude parameter (or Max) d, and then applies the op e rat e d determined 
parameters a, b, c and d to a blood pressure determination algorithm, which will be mentioned 
below, and finally op e rat e s determines values of the maximum and minimum blood pressures. 
The controlling section 70 stores the op e rat e d determined data te-in_the data storing section 62, 
and controls the display 1 1 to fefee- displav the op e rated determined values of the maximum 
and minimum blood pressures to b e d i sp l ay e d . Additionally, the controlling section 70 is 
capable of op e rat i ng determining a pulse rate or frequency of the subject based on the applied 
measurement signals. Th i s op e rat i on A pulse rate or freguencv determination algorithm for 
determining the pulse rate or frequency is preferably stored at-injhe program storing section 61. 

[0038] Here, the controlling section 70 checks whether there is connection to an external 
instrument by means of the interface 90. If the connection to an external instrument such as the 
computer 200, etc. A is present, the controlling section 70 transmits the op e rat e d determined data 
to the computer 200 through the interface 90. 
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[0039] A construction of the pulse wave signal processing section 20 and the ECG signal 
processing section 50 as mentioned above is shown in detail in F4G& -FIGS. 6 to 8. Hereinafter, 
the construction will be described in detail with reference to B&Sr- FIGS. 6 to 8. 

[0040] FIG. 6 is a circuit diagram of the pulse wave signal processing section ei-20 shown in 
FIG. 4. 

[0041] Of the reference numerals, 21 indicates a first impedance matching means, 22 
indicates a pu l se wav e s i gna l amp li fying m e ans first low-pass filer , and 23 indicates a first notch 
filter. 

[0042] The first impedance matching means 21 matches an impedance of the pulse wave 
signal applied from the pressure sensor 16 to an impedance of an output terminal. The p ul se 
wav e s i gnal amp li fying m e ans first low-pass filter 22 f ilters and amplifies a low band signal to 
remove a noise. The first notch filter 23 removes a noise of a commercial power freguency. 

[0043] When the measurement signals are applied from the pressure sensor 16, these 
signals are applied to inverting and non-inverting terminals of a first operational ( OP) amplifier 
(OP1) through first and second resistors (R1 and R2) connected in para ll e li sm parallel , and then 
their voltages are amplified by the first OP amplifier OP1 . Here, because the applied 
measurement signals of the pressure sensor 16 has- have a higher impedance at an output 
terminal of the first OP amplifier OP1 , both the first resistor R1 and the first OP amplifier OP1 
match an impedance at each input terminal to that at each output terminal. That is, according to 
a rule of voltage d i str i but i on division , when a resistance of the R1 is increased, an input voltage 
is lowered. The lowered input voltage is amplified at the first OP amplifier OP1 , so that the 
impedance of the R1 is matched with that of a circuit connected to the first OP amplifier OP1 . 
Therefore, the signals outputted from the first OP amplifier OP1 through the process as 
mentioned above are subjected to the foregoing impedance matching process and the 
amplifying process through a fourth resistor R4, and a second OP amplifier OP2. 

[0044] The signals outputted from the first impedance matching means 21 pass through a 
sixth resistor R6, of a-the first low-pass filter 22, and are subjected to removal of a low band 
signal between 20 and 40 Hz by means of a seventh resistor R7, and a second capacitor C2, 
and are inputted into an inverting terminal of a third OP amplifier OP3. Then, the signals 
inputted into the third OP amplifier OP3 are subjected to amplification, and pass through a tenth 
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resistor R10, and are filtered by an eleventh resistor R1 1 and a fourth capacitor C4. 
Subsequently, the s e condary filtered pulse waves -wave signals are applied to a fourth OP 
amplifier OP4. The OP4 amplifies the i mput e d inputted signals to apply to the first notch filter 
23. 

[0045] The first notch filter 23 includes a fourteenth resistor R14 connected to an output 
terminal of the fourth OP amplifier OP4 in series, a first variable resistor, VR1 connected to the 
R14 in parallel, a fifth OP amplifier OPS having an inv e rting a non-inverting terminal connected 
to the R14 in series and an output terminal designed to perform negative feedback to a 



to a negative feedback loop of the fifth OP amplifier OP5 in series, a sixth capacitor C6 
connected to the C5 in parallel and to the non -i nv e rt i ng inverting terminal of the fifth OP 
amplifier OPS in series, a fifteenth resistor R15 connected to the C5 in parallel, and a second 
variable resistor, VR2 having one side grounded and the other side connected to a s i xt ee nth 
fifty-first resistor-R4€ R51 , which is connected to the R15 in parallel. 

[0046] The pulse wave signal applied from the first low-pass filter 22 is inputted into the first 
notch filter 23, particularly, the non-inverting terminal of the fifth OP amplifier OPS via the R14 
and the VR1 . The pulse wave signal inputted into the fifth OP amplifier OP5 is subjected to 
amplification and are-is^outputted. At this time, the R15 and the C5, which are connected in 
parallel on the negative feedback loop, remove a noise at a commercial power f reguency of 60 
Hz, which is subjected to feedback at the output terminal of the fifth OP amplifier OP5. Here, 
the VR1 and the VR2 are each varied to adjust the commercial power f reguency to 60 Hz, so 
that the commercial power freguency can be matched to a commercial power freguency of a 
system connected with the output terminal of the first notch filter 23. 

[0047] FIG. 7 is a circuit diagram show i ng an of the amplifying section 30 of afhthe ECG 
signal processing section 50 shown in FIG. 4 . 

[0048] Of the reference numerals or symbols, 30a is for a first differential amplifier, 30b is for 
a second differential amplifier, afl-ECG LL is for a-the first ECG electrode, an-ECG RA is for a 
the second ECG electrode, 31 is for a first inverse current preventing means, 32 is for a first 
gain adjusting means, 33 is for a first ECG signal amplifying means, 34 is for a second low-pass 
filter, 35 is for a second inverse current preventing means, 36 is for a second gain adjusting 




an inverting terminal of the fifth OP amplifier OPS , a fifth capacitor C5 connected 
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means, 37 is for a second ECG signal amplifying means, 38 is for a third low-pass filter, and 39 
is for a second impedance matching means. 

[0049] The first and second inverse current preventing means 31 and 35 prevent an inverse 
current generated at an input power source. The first and second ECG signal amplifying means 
33 and 37 amplify inputted signals. The second and third low-pass filters 34 and 38 filter signals 
of a low band frequency among inputted signals. The second impedance matching means 39 
matches an impedance of inputted signals to that of outputted signals. 

[0050] In the first differential amplifier 30a, the first gain adjusting means 32 is connected 
with the first ECG electrode, ECG LL of th e ECG monitor 17 in series. The inverse current 
preventing means 31 is connected between the ECG LL and the first gain adjusting means 32, 
and includes first and second power source terminals, +BS1 and -BS1 connected in parallel, 
and first and second diodes, D1 and D2 connected to the first and second power source 
terminals, +BS1 and -BS1 in an opposite direction to each other. Here, the first gain adjusting 
means 32 includes a sixth OP amplifier OP6. A third power source, +BM is applied to a terminal 
1 of the sixth OP amplifier OP6, and a fourth power source, -BM is applied to a terminal 2 of the 
sixth OP amplifier OP6. The third power source, +BM is connected in parallel with eighth and 
ninth capacitors C8 and C9, each of which is grounded on one side. The fourth power 
source, -BM is connected in parallel with tenth and eleventh capacitors C10 and C11, each of 
which is grounded on one side. Further, the first gain adjusting means 32 is connected in 
parallel with the second impedance matching means 39, the first ECG signal amplifying means 
33 and the second low-pass filter 34. Here, the first ECG signal amplifying means 33 includes a 
seventh OP amplifier OP7, an output terminal of which is subjected to negative feedback to an 
inverting terminal thereof. A negative feedback loop of the inverting terminal of the seventh OP 
amplifier OP7 is connected with an output terminal of the second low-pass filter 34. Further, the 
seventh OP amplifier OP7 of the first ECG signal amplifying means 33 has the output terminal 
connected to an output terminal of the first gain adjusting means 32. 

[0051] In the second differential amplifier 30b, the second gain adjusting means 36 is 
connected with the second ECG electrode, ECG RA of th o ECG monitor 17 in series. The 
second inverse current preventing means 35 is connected between the ECG RA and the 
second gain adjusting means 36, and includes fifth and sixth power source terminals, +BS2 and 
-BS2 connected in parallel, and third and fourth diodes, D3 and D4 connected to the fifth and 
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sixth power source terminals, +BS2 and -BS2 in an opposite direction to each other. Here, the 
second gain adjusting means 36 includes a ninth OP amplifier OP9. A seventh power 
source, -BM2 is applied to a terminal 1 of the ninth OP amplifier OP9, and an eighth power 
source, +BM2 is applied to a terminal 4 of the ninth OP amplifier OP9. The seventh power 
source, -BM2 is connected in parallel with sixteenth and seventeenth capacitors C16 and C17, 
each of which is grounded on one side. The eighth power source, +BM2 is connected in 
parallel with fourteenth and fifteenth capacitors C14 and C15, each of which is grounded on one 
side. Further, the second gain adjusting means 36 is connected in parallel with the second 
impedance matching means 39, the second ECG signal amplifying means 37 and the third 
low-pass filter 38. Here, the second ECG signal amplifying means 37 includes a tenth OP 
amplifier OP10, an output terminal of which is subjected to negative feedback to an inverting 
terminal thereof. A negative feedback loop of the inverting terminal of the first OP amplifier 
OP10 is connected with an output terminal of the third low-pass filter 38. Further, the ninth OP 
amplifier OP9 of the second ECG signal amplifying means 37 has the output terminal connected 
to an output terminal of the second gain adjusting means 36. 

[0052] The first and second differential amplifiers 30a and 30b constructed as the foregoing 
are connected in parallel not only by seventh and thirteenth capacitors C7 and C13 at the rear 
ends of sixteenth and twenty-seventh resistors R16 and R27 of the input line, but also by 
seventeenth and twenty-eighth resistors R17 and R28 on the negative feedback loops, each of 
which is connected to each inverting terminal of the sixth and ninth OP ampl i fi e r amplifiers OP6 
and OP9. Further, the first differential amplifier 30a is connected to an inverting terminal of the 
second impedance matching means 39, while the second differential amplifier 30b is connected 
to a non-inverting terminal of the second impedance matching means 39. 

[0053] S i gna l s app l i e d at ECG signals detected by the first ECG electrode, ECG LL are 
applied to the first gain adjusting means 32 through the sixteenth resistor R16. Here, since 
ECG signals app lie d at detected by the first ECG electrode, ECG LL typically have high 
impedances, their impedances are not matched with system-side ones, so that there is 
possibility to give a fatal damage to the system. Thus, input impedances are matched with the 
system side by the first gain adjusting means 32, and thereby a gain of output signals is 
adjusted to be lowered. Here, it is preferred that the R16 has a high resistance value in order to 
apply a rule of voltage d i str i bution division . Therefore, the measurement signals applied from 
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the first ECG electrode, ECG LL are subjected to voltage division, so that a gain of the signals 
outputted from the sixth OP amplifier OP6 is lowered. Further, a current is applied to the first 
and second power source terminals, +BS1 and -BS1 , so that the measurement signals have an 
increased current. The first and second power source terminals,. +BS1 and -BS1 are 
respectively provided with the first and second diodes, D1 and D2 A r e sp e ct i v el y, and thus the 
circuit is prevented from being damaged by an inverse current. 

[0054] The measurement signals outputted from the first gain adjusting means 32 are 
inputted into a non-inverting terminal of the first ECG signal amplifying means 33 and a 
non-inverting terminal of the second low-pass filter 34. Here, the second low-pass filter 34 has 
a feedback loop from an output terminal of the eighth OP amplifier OP8 through the twelfth 
capacitor C12 to a terminal 1 of the eighth OP amplifier OP8. At this time, signals ranging from 
20 to 40 Hz are filtered by the twelfth capacitor C12 efl-in_the feedback loop. 

[0055] Therefore, the measurement signals filtered at the second low-pass filter 34 are 
inputted into an inverting terminal of the seventh OP amplifier OP7 of the first ECG signal 
amplifying means 33, and then are subjected to negative feedback from an output terminal of 
the seventh OP amplifier OP7 through a twenty-third resistor R23 to the inverting terminal of the 
seventh OP amplifier OP7, so that they are amplified and applied to the inverting terminal of the 
second impedance matching means 39. 

[0056] S i gnals app lie d at A n ECG signal detected by the second ECG electrode, ECG RA 
afe-is_applied to the second gain adjusting means 36 through the twenty-seventh resistor R27. 
Here, the second ECG electrode, ECG RA is considered as an external resistor as mentioned 
above. Since the second ECG electrode, ECG RA and the twenty-seventh resistor R27 are 
connected in parallel, a circuit line tapped between them is connected to a non-inverting 
terminal of the ninth OP amplifier OP9. Therefore, according to voltage d i str i but i on division of 
the second ECG electrode, ECG RA and the twenty-seventh resistor R27, the m e asur e m e nt 
sigftate- ECG signal applied from the second ECG electrode, ECG RA afe-issubjected to voltage 
division and afe-isjnputted into the ninth OP amplifier OP9, so that a gain of the sign al s signal is 
lowered. At this time, a current is applied to the fifth and sixth power source terminals, +BS2 
and -BS2 T so that the m e asur e m e nt s i gna l s hav e ECG signal has an increased current. The 
power source terminals, +BS2 and -BS2 are eaeb-provided with the second inverse current 
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preventing means 35 consisting of the third and fourth diodes, D3 and D4, and thus the circuit is 
prevented from being damaged by an inverse current. 

[0057] The m e asur e m e nt sign al s ECG signal outputted from the second gain adjusting 
means 36 afe-isjnputted into a non-inverting terminal of the second ECG signal amplifying 
means 37 and a non-inverting terminal of the third low-pass filter 38. Here, the third low-pass 
filter 38 has a feedback loop from an output terminal of the eleventh OP amplifier OP1 1 through 
the eighteenth capacitor C18 to a terminal 1 of the eleventh OP amplifier OP1 1 , and thereby 
signals between 20 and 40 Hz are filtered. 

[0058] Therefore, the measurement signals filtered at the third low-pass filter 38 are inputted 
into an inverting terminal of the tenth OP amplifier OP10 of the second ECG signal amplifying 
means 37, and then are subjected to negative feedback from an output terminal of the tenth OP 
amplifier OP10 through a thirty-fourth resistor R34 to the inverting terminal of the tenth OP 
amplifier OP10, so that they are amplified and applied to the non-inverting terminal of the 
second impedance matching means 39. 

[0059] Thus, an output terminal of the twelfth OP amplifier OP12 of the second impedance 
matching means 39 is connected with a fortieth resistor R40 and forms a negative feedback 
loop together with an inverting terminal of the twelfth OP amplifier OP12. A voltage inputted into 
a thirty-seventh resistor R37 provided on an input side of the twelfth OP amplifier OP12 and a 
voltage inputted into the fortieth resistor R40 of the negative feedback loop are divided and 
inputted into the twelfth OP amplifier OP12, thus being matched with an impedance of the 
output terminal and applied to a filtering section 40. 

[0060] FIG. 8 is a circuit diagram show i ng gfthe filtering section 40 of the ECG signal 
processing section 50 shown in FIG. 4 . 

[0061] Of the reference numerals, 40 indicates the filtering section, 41 indicates a fourth 
low-pass filter, 42 indicates a third impedance matching means, and 43 V indicates a second 
notch filter. 

[0062] The fourth low-pass filter 41 removes a noise of low band from applied signals. The 
third impedance matching means 42 matches an impedance of an input terminal with that of an 
output terminal. The second notch filter 43 removes a noise of a commercial power freguencv. 
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[0063] In the fourth low-pass filter 41 , an input terminal is connected in parallel with a 
nineteenth capacitor C19, and is connected in series with a forty-first resistor R41, a forty-third 
resistor R43 and an inverting terminal of a thirteenth OP amplifier OP13. A twentieth capacitor 
C20 is connected in parallel between the forty-first resistor R41, the forty-third resistor R43. A 
forty-fourth resistor R44 is connected to the nineteenth and twentieth capacitors C19 and C20 
on one side and to a non-inverting terminal of the thirteenth OP amplifier OP13 on the other side. 
Here, the thirteenth OP amplifier OP13 has a negative feedback loop from an output terminal to 
the non-inverting terminal. Here, a forty-second resistor R42 and a twenty-first capacitor C21 
are each connected in parallel to the negative feedback loop. 

[0064] The third impedance matching means 42 has a forty-fifth resistor 45 R45 connected in 
series with the output terminal of the fourth low-pass filter 41 . The forty-fifth resistor 45 R45 is 
connected in series to an inverting terminal of a fourteenth OP amplifier OP14. A forty-sixth 
resistor R46 is connected to a non-inverting terminal of the fourteenth OP amplifier OP14 on 
one side, and is grounded on the other side. The fourteenth OP amplifier OP14 has a terminal 
1 to which a commercial power source, VCC1 is applied. The commercial power source, VCC1 
is connected in parallel with twenty-fourth and twenty-fifth capacitors C24 and C25. The 
fourteenth OP amplifier OP14 has a terminal 4 to which another commercial power source, 
VCC2 is applied. The commercial power source, VCC2 is connected in parallel with twenty- 
second and twenty-third capacitors C22 and C23. Thus, a noise is removed from the applied 
power source. The fourteenth OP amplifier OP14 has a negative feedback loop from an output' 
terminal to an inverting terminal. A forty-seventh resistor 47 is connected to the negative 
feedback loop of the fourteenth OP amplifier OP14. 

[0065] The second notch filter 43 has a forty-ninth resistor R49, one side of which is 
connected in series with the third impedance matching means 42 and the other side is 
connected in series with a non-inverting terminal of a fifteenth OP amplifier OP15. Here, a 
fourth variable resistor, VR4 is connected in parallel between the forty-ninth resistor R49 and 
the non-inverting terminal of the fifteenth OP amplifier OP15. Further, the fifteenth OP amplifier 
OP15 is formed with a feedback loop from an output terminal to an inverting terminal. A fiftieth 
resistor R50 and a twenty-seventh capacitor C27 are each connected in parallel to the feedback 
loop of the fifteenth OP amplifier OP1 5. A third variable resistor, VR3 is connected in parallel 
with the fiftieth resistor R50 through a forty-eighth resistor R48. A twenty-sixth capacitor C26 is 
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connected in parallel with the fiftieth resistor R50 and the twenty-seventh capacitor C27 on one 
side, and with the inverting terminal of the fifteenth OP amplifier OP15 on the other side. 

[0066] From the measurement signals applied at the amplifying section 30, low band signals 
between 20 and 40 Hz are filtered by the forty-first and forty-third resistors R41 and R43, and by 
the nineteenth and twentieth capacitors C19 and C20. The filtered signals are applied to and 
amplified by the thirteenth OP amplifier OP13. Here, the amplified signals are applied to the 
negative feedback loop of the output terminal again, and are filtered by the forty-second resistor 
R42 and the twenty-first capacitor C21 , and are applied to the inverting terminal of the thirteenth 
OP amplifier OP13. 

[0067] As mentioned above, the signals filtered at the fourth low-pass filter 41 are inputted 
into the inverting terminal of the fourteenth OP amplifier OP14 through the forty-fifth resistor R45 
of the third impedance matching means 42, so that a voltage amplified to the output terminal is 
inputted into the inverting terminal again along the negative feedback loop. Therefore, 
according to a rule of voltage d i str i but i on division , the inputted signals are subjected to voltage 
division at the forty-fifth and forty-seventh resistors R45 and R47. The voltage-divided signals 
are amplified again and outputted, thus being matched with an impedance of the second notch 
filter 43. 

[0068] The signals outputted from the third impedance matching means 42 are applied to the 
non-inverting terminal of the fifteenth OP amplifier OP1 5 through the forty-ninth resistor R49 of 
the second notch filter 43. Here, the fourth variable resistor VR4 adjusts a commercial power 
frequency of the inputted signals. That is, the commercial power f requency is ideally 60 Hz, but 
isfrom 58 to 59 Hz in reality, so that it is adjusted and matched at the fourth variable resistor 
VR4. The signals amplified at the fifteenth OP amplifier OP15 are subjected to negative 
feedback, and are filtered at the fiftieth resistor R50 and the twenty-seventh capacitor C27, and 
are subjected to removal of a noise of the commercial power frequency. At this time, the signals 
are adjusted to the commercial power frequency by adjustment of the third and fourth variable 
resistors VR3 and VR4. 

[0069] FIG. 9 is a flow chart show i ng gf_an automatic blood pressure measuring method 
according to an aspect of t he pr e s e nt invention. An operation of the for e going construction 
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example of the pr e s e nt invention described above w ill be described in detail with reference to 
FIG. 9. 

[0070] The automatic blood pressure measuring instrument 100 according to an aspect of 
the pr e s e nt i nv e nt i on is fixed to the right wrist of the subject so as to position the pressure 
sensor 16 over the artery of the subject. The first ECG electrode ECG LL and the second ECG 
monitor 17 is electrode ECG RA are connected to the ECG connection ports 13 provided on one 
side of the automatic blood pressure measuring instrument 100. The first ECG electrode 
ECG LL of th e ECG monitor 17 is fixed to the left ank le leg of the subject, while the second ECG 
electrode ECG RA is fixed to the right arm of the subject . 

[0071] A power switch provided on the upper surface of the automatic blood pressure 
measuring instrument is turned on ( block S1 1), the display 1 1 is operated ( block S12), and the 
pressure sensor 16 A the first ECG electrode ECG LL, and the second ECG mon i tor 17 electrode 
ECG RA generate sensing signals (blocks S13 and S14). Therefore, the pulse wave signal 
sensed at the pressure sensor 16 is applied to the pulse wave signal processing section 20, so 
that the siwat&- pulse wave signal outputted from the pressure sensor 16 have- has an 
impedance matched with that of the signals outputted from the first impedance matching means 
21, and are amplified by the pu l s e wav e amp l ify i ng m e ans first low-pass filter 22, and are 
applied to the first notch filter 23 again, and are subjected to noise removal at the commercial 
power f reguencv of 60 Hz (block S15). Then, the AG- analog signals free from a noise are 
converted into DC on e s at digital signals by the AID converting section 63 and then applied to 
the controlling section 70 ( block S16). 

[0072] Further, the ECG m e asurement s i gnals gen e rat e d at signal detected by the first ECG 
electrode ECG LL and the second ECG monitor 17 ar e electrode ECG RA is applied to and 
amplified at the amplifying section 30. That is, the s i gna l s m e asur e d ECG signal detected at the 
left leg afe-bv the first ECG electrode ECG LL is amplified at the first differential amplifier 30a, 
and afe-is_applied to the inverting terminal of the second impedance matching means 39, while 
the signa l s m e asur e d ECG signal detected at the right arm afe-bv the second ECG electrode 
ECG RA is amplified at the second differential amplifier 30b, and are applied to the 
non-inverting terminal of the second impedance matching means 39, so that both signals are 
matched with an impedance of the filtering section 40 and are applied to the filtering section 40. 
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[0073] Thus, the amplified signals are applied to the filtering section 40, the fourth low-pass 
filter 41 allows for pass only some of the amplified signals belonging to a predetermined band, 
but removes the rest. The filtered ECG measurement signals are applied to the third 
impedance matching means 42. The third impedance matching means 42 performs buffering in 
order to match the inputted signals to the second notch filter 43 on the output side of the filtering 
section 40. The buffered signals are applied to the second notch filter 43, and subjected to 
noise removal of the commercial power frequency of 60 Hz, and applied to the A/D converting 
section 63, so that they are subjected to conversion from the AG- analog signals to PC -digital 
signals and applied to the controlling section ( blocks S15 and S16). 

[0074] The controlling section 70 stores the applied measurement signals ofhirLthe data 
storing section 62 for a predetermined time, and-reads eui-them out, af*d-compares them and 
op e rates r e sp e ct i v e data, and obtains a trans i t i on tim e (AT) param e t e r, an determines the 
integral parameter aftd-afi-a. the area parameter b, the transition time parameter c, and the 
maximum amplitude parameter d . The controlling section 70 contro l s to apply an op e rat i on 
uses a blood pressure determination algorithm stored at-in_the program storing section 61 to 
e ach param e t e r, that is a function of these parameters to op e rat e determine t he maximum and 
minimum blood pressures, and to d i sp l ay displays these blood pressures on the display 11 
(blocksS17andS18). 

[0075] Further, the controlling section 70 op e r a t e s determines pulse numb e r rate and 
diagnosis result using the measurement signals stored at-in_the data storing section 62 for a 
predetermined time. That is, the controlling section 70 controls to apply the measurement 
signals to an op e rat i on a pulse rate and diagnosis result algorithm for the pulse numb e r rate and 
diagnosis result stored at-injhe data storing section 62, to op e rat e determine the pulse rate and 
fr e gu e noy diagnosis result to display them on the display 1 1 . 

[0076] Here, the blood pressure, the pulse numb e r rate and the pytee<iiagnosis result are 
displayed through on the LCD (Liquid Crystal Display) 11, so that limitation to a displayed 
quantity is removed. The display 1 1 is adapted to display the maximum and minimum blood 
pressure measured by the automatic blood pressure measuring instrument 100 , as well as the 
pulse numb e r rate and the present pulse-diagnosis result. Further, the display 1 1 is designed to 
display cardiovascular disease codes, an output mode of which is developed based on 
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expected cardiovascular diseases. Table 1 shows items displayed on the display 1 1 including 
the disease codes as one example. 



Tabl e 1 : e xamp le of e xpect e d d i s e as e cod e s 



symptom 


WOw 


symptom 


wwwv 


normal 


Nomal 


unstable high blood 
pressure 


H Case S 




H Case 0 


first period of high blood 


H Case 1 


high normal blood pressure 




pressure 




low blood pressure 


LCase 


second period of high 
blood pressure 


H Case 2 


slow pulse 


B-Case 


third period of high blood 
pressure 


H Case 3 




T-Case 


fourth period of high blood 


H Case A 


weak pulse 




pressure 




weak beat of artrim 


A-Case 


re-measuring request 


ERROR 



Table 1 — Examples of Expected Disease Codes 



Symptom 


Code 


Symptom 


Code 


Normal 


Normal 


Unstable high blood 
pressure 


H-Case S 


Hiqh normal blood 
pressure 


H-Case 0 


First period of high 
blood pressure 


H-Case 1 


Low blood pressure 


L-Case 


Second period of hiqh 
blood pressure 


H-Case 2 


Slow pulse 


B-Case 


Third period of hiah 
blood pressure 


H-Case 3 


Weak pulse 


T-Case 


Fourth period of hiqh 
blood pressure 


H-Case 4 


Weak beat of atrium 


A-Case 


Re-measuring request 


ERROR 



[0077] FIG. 10 is a flow chart show i ng of the comparing and op e rat i ng st e p 6 determining 
block S17 shown in FIG. 9 . FIG. 1 1 is a graph of a pulse wave signal and an ECG signal 
showing e ach param e t e r parameters that are determined in FIG. 10 . The comparing and 
op e rat i ng st e ps block S17 will be described in detail with reference to F4Gs^ FIGS. 10 and 1 1 . 
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[0078] When the m e asur e ment signals pulse wave signal and the ECG signal generated 
from the pressure sensor 16 and the ECG mon i tor 17 electrodes ECG LL and ECG RA are 
temporarily stored efhirithe data storing section 62 through the A/D converting section 63 
( blocks S21 and S22), the controlling section 70 reads out the measurement signals stored en 
injhe data storing section 62 after a predetermined time lapses away, af*d-compares 
waveforms of the two signals (block S23) and operat e s determines each parameter. That is, as 
shown in FIG. 11, the pulse wave signal and the ECG m e asur e m e nt signal are compared and 
analyzed, and each parameter is op e rat e d determined . Of the reference symbols, a is the 
integral parameter, b is the area parameter, c is the transition time (AT)-parameter, and d is the 
maximum amplitude parameter. 

[0079] Thus, the controlling section 70 reads out the data stored temporarily on-in_the data 
storing section 62, and-selects a pr e d e t e rm i n e d zone, and op e rat e s determines the integral 
parameter a according to the following equation with an integral value for data value- values 
between end points of the selected zone ( block S24). 

< PSTYLELSPACE - 1 30 > f output (») - £ f input (k) ■ [{f input (» 1) I f input (n )) / 2] ♦ AT 

k=\ 

fou.ru, (») = Z[(f inp u, (* - 1) + f inpu , (*))/2] * A/ 

Here, fO is a data value, n is a number of sampling intervals each having a width At on the 
horizontal axis in FIG. 1 1, k= 0 is the left end point of the selected zone and k=n is the right end 
point of the selected zone. 

[0080] Further, the controlling section 70 sets a base line joining end points of the area 
selected within the predetermined zone, and integrates a zone of the upper side of the base line 
to obtain the area parameter b ( block S25). This calculation value will be always a positive 
value, and can be measured as the whole area between the waveform and the base line, and 
can represent the area in terms of a unit obtained by multiplying a unit of the amplitude an4 -bv a 
unit of the hor i zon horizontal axis , and can be calculated using a formu l a giv e n b el ow the 
following eguation . 
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< PSTYLELSPACE = 1 30 > f oulpul (n) = 

2 (\f inp u, (» " 1) " A~» ~ 1)| + \(f inpu , + y{"))'2\) * 

Ic=\ 

fou lpu , (») = Z [(|/^, (*-!)- X* - 1)| + |/*- (*) - X*)|> / 2] * Ar 

*=1 

Here, f() r e pr e s e nts j s_a data value, of data, and y() is a value of the line joining the end points, 
and AT njs a number of sampling int e rva l of th e horizon intervals each having a width At on the 
horizontal axis in FIG. 1 1 . k= 0 is the left end point of the selected zone and k=n is the right end 
point of the selected zone . 

[0081] The controlling section 70 op e rat e s determines a time interval between the maximum 
amplitudes of an ECG waveform and a waveform detected from the pressure sensor fixed to the 
wrist, and op e rat e s determines the A^- transition time parameter c (block S26), and op e rat e s 
determines the maximum amplitude within a designated range of the integral and area 
parameters a and b, af»d-thus op e rat i ng determining the maximum amplitude parameter d ( block 
S27). The maximum amplitude parameter d derives a change of the maximum amplitude value 
of the detected waveform according to a pressure change. 

[0082] Here, the r e sp e ctiv e parameters a, b, c and d op e rat e d determined in the foregoing 
way represent constant tendencies of the systolic and diastolic blood pressures. This linear 
change is shown in FIGs. 12 FIGS. 12A through 12D and-43 FIGS. 13A and 13B . 

[0083] FIG. 42a- 12A is a graph showing a va l u e of change in the transition time parameter c 
(AT) according to a change of-in_the systolic blood pressure. It can be seen that as the systolic 
blood pressure becomes higher, a time interval between maximum amplitudes b e com e s 
narrow e r decreases . Thus, a value of the transition time parameter c also decreases. 

[0084] FIG. 42b- 12B is a graph showing a change of-injhe integral parameter a according to 
a change in the systolic blood pressure . It can be seen that as the systolic blood pressure 
becomes higher, an integral value i s d e cr e as e d decreases w ithin a predetermined range. Thus, 
a value of the integral parameter a is-also d e c re as e d decreases . 

[0085] Furth e r, FIG. 42c -12C is a graph showing a change ef-in_the area parameter b 
according to a change in the systolic blood pressure . As the systolic blood pressure becomes 
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higher, a value of data is i ncr e as e d increases w ithin a predetermined area. Thus, a value of the 
area parameter b is incr e as e d also increases . 

[0086] FIG. 454-12D_is a graph showing a change ef-injhe maximum amplitude parameter d 
(Max) according to a change in the systolic blood pressure . As the systolic blood pressure 
becomes higher, a value of the maximum amplitude parameter d is-also i ncr e as e d increases . 

[0087] Furth e r, FIG. 13 i s a graph show i ng a chang e of e ach param e t e r according to a 
chang e of th e systo li c blood pressur e . FIG. 43a- 13A is a graph showing a va l u e of change in 
the transition time parameter c , which is l in e arly d e cr e as e d as (AT) according to a change in 
the diastolic blood pressure. As the diastolic blood pressure becomes higher , a value of the 
transition time parameter c linearly decreases . 

[0088] FIG. 4-3b- 13B is a graph showing a change of the va l ue of injhe area parameter b^m 
wh i ch th e valu e of th e ar e a param e t e r b i s d e creased as according to a change in the diastolic 
blood pressure. As t he diastolic blood pressure becomes higher , a value of the area parameter 
b decreases . 

[0089] As for the correlation of each parameter shown in F I Gs. 12 and 13 FIGS. 12A through 
12D, as the systolic blood pressure i s i ncr e as e d increases , the integral parameter a and the 
transition time param e t e rs a and parameter c r e su l t in a l i n e ar d e cr e as e linearly decrease , and 
the area parameter b and the maximum amplitude par a m e t e rs b and parameter d r e su l t i n a 
li n e ar i ncr e as e linearly decrease . 

[0090] te -As for the correlation of each parameter shown in FIGS. 13A and 13B. as the 
diastolic blood pressure increases , the transition time parameter c and the area param e t e rs c 
afid- parameter b r e su l t in a li n e ar d e cr e as e accord i ng to th e blood pr e ssur e linearly decrease . 

[0091] Using the correlation between the systolic and diastolic blood pr e ssur e pressures and 
the r e sp e ctiv e parameters a, b, c and d, an aspect of the pr e s e nt invention propos e s an 
op e ration uses a blood pressure determination algorithm as follows: 

Maximum blood pressure (systolic blood pressure) 
P- 919.121Ar+17.157Max 9 8.26 l nt + 161.736D_Dt 
P = 919.121Ar + 17.157-Max - 98.26-lnt + 161.736 AT 

Minimum blood pressure (diastolic blood pressure) 
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P- 146.161 78.903 D_Dt 442. 9 04 D_Ar 
P = 146.161 - 78.903AT - 442.904-Ar 

where P f-is pressure (mmHg) in mm Hq , Dt and DJDt : AT (s e c), Ar and D_Ar : ar e a, and Int^ 
totegfaJ is the integral parameter a, Ar is the area parameter b, AT is the transition time 
parameter c in seconds, and Max is the maximum amplitude parameter d . 

[0092] The maximum blood pressure refers to the systolic blood pressure. The formula for 
the maximum blood pressure is derived using the correlation between e ach param e t e r the four 
parameters and the systolic blood pressure. The minimum blood pressure refers to the diastolic 
blood pressure. The formula for the minimum blood pressure is derived using r el at i onsh i p the 
correlation between the diastolic blood pr e ssur e s accord i ng to chang e s of pressure and the 
transition time parameter c and the area param e t e rs c and parameter b. 

[0093] Further, in the blood pressure determination algorithm, a series of constants by which 
the r e sp e ctiv e parameters a, b, c and d are multiplied refer to quantities by which the 
parameters a, b, c and d are varied according to the blood pressure, and represent a specific 
weight of each parameter according to the change of the blood pressure. That is, the constant 
is for statistically representing a change rate of the blood pressure as the parameters a, b, c and 
d are changed. 

[0094] Therefore, the controlling section 70 contro l s to app l y applies the r e sp e ct i v e 
parameters a, b, c and d op e rat e d determined in the foregoing step- process to the op e rat i on 
blood pressure determination algorithmv and-to op e rat e determine the maximum ( systolic) blood 
pressure (block S28) and the minimum ( diastolic) blood pressure (block S 29) , and to disp l ay 
displays the op e rat e d r e su l t d etermined maximum and minimum blood pressures on the display 
1 1 (S28 and S2 9 ) (block S1 8 in FIG. 9) . 

[0095] FIG. 14 is a graph tab l ing accumu l at i v e of a cumulative distribution of e xp e ctation and 
obs e rvat i on expected values versus a cumulative distribution of observed values for a blood 
pressure determination algorithm using the forgo i ng e ach param e t e r parameters described 
above and shown in FIG. 1 1 . 

[0096] As shown, the graph tak e s is_a straight line when two -the expected values are the 
same as the observed values . By observing how standardized residuals are distributed relative 
to an expected straight line, the two d i str i but i on distributions can be compared. The result is 
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that, because the standardized residuals are near abnormal distribution, the blood pressure 
measurement using the automatic blood pressure measuring instrument and method according 
to an aspect of the pr e s e nt invention has a very high degree of prediction-degfee. 

[0097] The automatic blood pressure measuring instrument according to an aspect of the 
pres e nt invention using a pressure sensor such as a piezo sensor measures a blood pressure 
using correlation between a pulse wave signal and an ECG signal , and can be used to measure 
blood pressures of all persons^ including infants, low blood pressure patients, and intensive care 
patients, because it makes use of various parameters b e tw ee n determined by comparing and 
analyzing the pulse wave signal and the ECG signal , such as a transition time parameter, an 
integral parameter, an area parameter and a maximum amplitude parameter. 

[0098] Additionally, it is possible to measure a blood pressure without inserting a catheter 
into an artery. Thus, it is possible to prevent various disadvantages which hae- have attracted 
attention in an existing invasive blood measuring method, such as a circulatory problem, 
infection, a_blood clot and so on, and to measure an accurate blood pressure with more ease 
and safety. Further, it is possible to change a concept on an existing uncomfortable and 
inaccurate blood pressure measurement. It is expected that a future-oriented and high-tech and 
multifunctional blood pressure measuring instrument will be distributed at an exponential speed, 
and that request for industrialization will be rapidly increased, and that due to the advent of 
brand-new multifunctional microwave hemadynamometer, technical application to a domestic 
medical instrument field will be much expanded. 

[0099] WMe- Although several embodiments of the invention fras- have been shown and 
described^ w i th referenc e to c e rta i n preferred embod i ments thereof, it wM -would be und e rstood 
appreciated by those skilled in the art that vafieue-changes i n form and d e ta i l may be made 
tfrefeifh in these embodiments without departing from the principles and spirit and scop e of the 
invention as- the scope of which is defined by-in_the app e nd e d claims and their eguivalents . 
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